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DEVICE BAY HEAT EXCHANGER FOR A 
PORTABLE COMPUTING DEVICE 

FIELD OF THE INVENTION 

The present invention pertains to the field of the heat 
removal from electronic components. More particularly, this 
invention relates to heat removal from a portable computing 
device. 

BACKGROUND 

Faster and more powerful computer components allow the 
design and construction of higher performance portable 
computing devices Such as laptop or notebook computers. 
Unfortunately, the use of Such faster and more powerful 
computer components often results in increased heat gen 
eration by Such computing devices. Thus, improved heat 
dissipation technology is often needed to maintain operating 
temperatures of portable computing devices within the same 
range as their predecessors or Some other acceptable range. 
A portable computing device typically includes a base and 

a Screen which are rotatably attached by a hinge. The base 
usually has an input device Such as a keyboard or a touchpad 
as well as a number of electronic components. Integrated 
circuits with the highest clock frequency are typically 
located in close proximity to each other within the computer 
base. 
Many heat generating computer System components take 

the form of integrated circuits. Such integrated circuits are 
typically mounted on a motherboard or another circuit board 
within the base the portable computer System. A processor is 
one component that generates a large amount of heat in a 
typical processor System. Other electrical components which 
also generate heat include memory circuits, power Supply 
circuits, and circuit boards Such as Video card. 

Maintaining operating temperatures of computer System 
components below certain levels is important to ensure 
performance, reliability, and Safety. Most integrated circuits 
have specified maximum operating temperatures, above 
which the manufacturer does not recommend operation. 
Transistors, the building blocks of integrated circuits, tend to 
Slow down as operating temperature increases. Thus, a 
computer System that operates its integrated circuits close to 
or beyond recommended timings may fail as temperature 
increases. 

Additionally, integrated circuits may be physically dam 
aged if temperatures elevate beyond those recommended. 
Such physical damage obviously can impact System reli 
ability. Finally, the computer System casing should be kept 
at a temperature which is Safe for human contact. This may 
necessitate spreading of heat throughout a computer System 
base or efficiently expelling heat to avoid hot spots near 
certain components Such as a processor. 

Typically, heat Sinks, fans, and heat pipes are employed to 
dissipate heat from integrated circuits and other electronic 
components. Increases in heat generation are often accom 
modated by Simply increasing the quantity or Size of these 
heat dissipation elements. The relatively Small size of a 
portable computing device, however, complicates heat dis 
Sipation by limiting airflow, crowding heat generating 
components, and reducing the Space available for heat 
dissipation devices. 

Since the computer base size is generally kept to a 
minimum, and the computer base contains both the input 
device and numerous other electronic components, there 
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may be inadequate Space to dissipate enough heat to keep the 
electronic components within their acceptable range of 
operating temperatures. Additionally, heat dissipation 
through the bottom of the base is limited because the 
computer is usually operated on a relatively flat low con 
ductance Surface. 

One prior art method for removing heat from the base of 
a portable computing device involves transferring heat from 
the base of the device to the display. The technique of 
transferring heat to the display is limited due to the thermal 
and mechanical difficulties involved with transferring heat 
through the hinge of the computing device. 
AS a result, there exist a need to overcoming, or at least 

reducing the effects of, one or more of the problems Set forth 
above. 

BRIEF DESCRIPTION OF THE FIGURES 

The present invention is illustrated by way of example 
and not limitation in the figures of the accompanying 
drawings. 

FIG. 1a illustrates a side cross section elevation view of 
one embodiment of a portable computing device and a 
device bay heat eXchanger according to one embodiment. 

FIG. 1b illustrates a top cross section elevation view of 
one embodiment of a portable computing device and a 
device bay heat eXchanger according to one embodiment. 

FIG.2a illustrates a partial croSS Section elevation view of 
the connection of a heat transfer element to an electronic 
component according to one embodiment. 
FIG.2b illustrates a partial cross section elevation view of 

the connection of a heat transfer element to an electronic 
component according to another embodiment. 

FIG. 3 illustrates a partial cross section elevation view of 
a male/female heat eXchanger according to one. 

FIG. 4a illustrates ajaws heat eXchanger according to one 
embodiment. 

FIG. 4b illustrates a partial cross section elevation view of 
the jaws heat exchanger of FIG. 4a. 

FIG. 4c illustrates a partial cross section elevation view of 
a jaws heat eXchanger according to another embodiment. 

FIG. 4d illustrates a partial cross section elevation view of 
a jaws heat eXchanger according to another embodiment. 

FIG. 4e illustrates a jaws heat eXchanger according to 
another embodiment of the present invention. 

FIG. 5 illustrates a heat dissipation mechanism according 
to one embodiment of the present invention. 

DETAILED DESCRIPTION 

The present invention provides a heat eXchanger that is 
insertable into a device bay of a portable computing device. 
In the following description, numerous Specific details, Such 
as component types, heat dissipation device sizes, and heat 
dissipation component mounting Structures, and locations 
are Set forth in order to provide a more thorough under 
Standing of the present invention. It will be appreciated, 
however, by one skilled in the art that the invention may be 
practiced without Such specific details. 
The present invention provides numerous Solutions to 

remove heat from a portable computing device through use 
of a heat eXchanger inserted into a device bay of a portable 
computer. With the ability to remove additional heat, it may 
become possible to operate components Such as a processor 
in a portable computing device at a higher power level by 
either increasing the Supplied Voltage, reducing clock 
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throttling, or increasing the operating frequency of the 
processor. As a result, a portable computing device may be 
able to obtain higher performance when a heat eXchanger is 
inserted in a device bay of the portable computing device. 

FIG. 1a illustrates one embodiment of the present inven 
tion. A portable computing device 105 may be a laptop 
computer, a notebook computer, or any other portable com 
puting device. The portable computing device 105 includes 
at least an electronic component 120 and a heat transfer 
element 125 to convey heat away from the electronic 
component. Additionally, the portable computing device 
includes a base 115 and a display 110 hingedly mounted at 
one edge of the base 115. 

In one embodiment, the electronic component 120 is a 
processor; however, other components or regions of the 
portable computing device may be cooled according to the 
present invention. In a typical laptop or notebook computer, 
many other components are present. A memory System, a 
disk and/or CD ROM drive, audio and video hardware, 
connectivity (i.e., network and modem) hardware, as well as 
a power Supply may all be present. These or other individual 
components as well as circuit boards or regional heat SinkS 
within the portable computing device 105 may be cooled 
according to the present invention. 

Also shown in FIG. 1a is a device bay 127, which is an 
aparature in the housing of the computing device that may 
house exchangeable components. For example, the device 
bay may house a disk drive, a CD ROM drive, a battery, or 
other devices that may be inserted and taken out of the 
computing device. In embodiment, the devices that may be 
interchangeable with the device bay may be hot Swappable 
(i.e., can be inserted and be operable, and taken out, without 
restarting the computing device). 
A first portion near one end of the heat transfer element 

125 is thermally coupled to the electronic component 120. 
FIG. 2a illustrates the thermal coupling of the electronic 
component 120 to the heat transfer element 125. The elec 
tronic component 120 is mounted on one side of a mother 
board 205 and may be thermally coupled to the heat transfer 
element 125 via Several heat conducting components. In the 
embodiment of FIG. 2a, the heat conducting components 
include motherboard vias 210 and a heat conducting block 
215. In one embodiment, the block 215 is an aluminum 
block and the vias 210 are filled with Solder. The heat 
transfer element 125 is affixed to the heat conducting block 
215 using Solder, thermal epoxy, or other Suitable means as 
are known in the art. This type of mounting may be 
preferable if the electronic component does not have a rigid 
package which can withstand a direct connection with the 
heat transfer element 125. 

FIG.2b illustrates another embodiment in which the heat 
transfer element 125 is directly mounted on an outer surface 
of the electronic component 120 using a thermal epoxy, 
Solder, or Similar means. The inner Surface of the component 
is affixed to the motherboard 205. Either of these types of 
connections may be used as well as any other means of 
thermally coupling the electronic component 120 and the 
heat transfer element 125. 

An end portion 135 of the heat transfer element 125 may 
be exposed into the device bay of the portable computer 
device 105 via a closeable door/latch, which may also 
prevent the heat transfer element 125 from being exposed in 
the bay when a device other than a heat eXchanger is present 
in the bay. Mechanisms well known in the art may be used 
to cause the door/latch to open either automatically or 
manually. 
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4 
The device bay heat exchanger 100 includes a second heat 

transfer element 145. A heat eXchange mechanism is formed 
by the heat transfer elements 125 and 145. One end of the 
heat transfer element 145 conformally engages the end 
portion 135 of the heat transfer element 125 when the device 
bay heat eXchanger is inserted into the portable computing 
device 105. As illustrated in FIG.1a, in one embodiment, the 
heat eXchange mechanism is formed by a female end of the 
heat transfer element 145 engaging a male connector end of 
the heat transfer element 125. Alternately, these mechanisms 
may be reversed; however, the Smaller male end is more 
appropriate for the portable computing device 105. 

Further illustrated in FIG. 1b is cut-away view from a top 
perspective of the computing device 105. As shown in FIG. 
1b, the computing device includes the device bay 127 that 
has a device bay heat-exchanger 100 inserted in the device 
bay. As further shown in FIG.1b, the computing device may 
also include a conventional heat eXchanger/thermal Solution 
103, in addition to the device bay heat exchanger 100. 

In one embodiment, both the heat transfer elements 125 
and 145 are cylindrical or at least Substantially cylindrical 
heat pipes. Such heat pipes have high thermal conductivity 
and may be Smaller than one-quarter inch in diameter and 
Still be able to dissipate Sufficient power for Some Systems. 
In this embodiment, the female end forms a larger hollow 
cylinder Substantially Surrounding a portion of the male end. 
In other embodiments, the female end may form a Square 
engaging receptor for the male end. Additionally, one or both 
of the heat pipes may be rectangular or another shape, and 
the female end may fully encircle the male end or may have 
two or more Separate engaging portions which partially 
Surround the male end. Furthermore, the heat transfer ele 
ments may be other efficient heat conductorS Such Solid 
metals, conductive fibers or other similar materials known in 
the art. 

FIG. 3 shows an enlarged view of an embodiment of the 
heat exchange mechanism of FIG.1. In this embodiment, the 
male end of the heat transfer element 125 is coated with a 
hardened coating 310. Additionally, the female end of the 
heat transfer element 145 is coated with a hardened coating 
320. These coatings help prevent wear on the heat conduc 
tors yet do not significantly impede heat transfer. Any known 
Solid State coating Such as molybdenum may be used. 
One alternative to the male/female heat eXchange mecha 

nism illustrated in FIG. 1 and FIG. 3 is a “jaws' heat 
eXchange mechanism as shown in FIG. 4. The jaws heat 
eXchanger utilizes two engaging Surfaces 415a and 415b to 
thermally couple heat transfer elements 400a and 400b to 
the heat transfer element 125. The engaging Surfaces are 
typically thermally conductive (e.g., a metal Such as copper) 
fittings shaped to conformally engage the heat transfer 
element 125. As the device bay of the portable computing 
device 105 is mated with the device bay heat exchanger 115, 
the two SpringS 410a and 410b respectively urge the engag 
ing surfaces 415a and 415b into contact with the heat 
transfer element 125. 

The springs 410a and 410b are mounted by mounting 
elements 405a and 405b to the housing of the device bay 
heat exchanger 100. The heat transfer elements 400a and 
400b are slideably secured by guides 425a and 425b. 
Typically, the engaging surfaces 415a and 415b form a 
narrower opening than the heat transfer element 125 Such 
that the engaging surfaces 415a and 415b move laterally in 
response to the insertion force of the heat transfer element 
125 upon mating of the device bay heat exchanger 100 and 
the device bay of the portable computing device 105. 
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The heat transfer elements 400a and 400b also include 
heat dissipation fins 430a and 430b. A fan 420 may also be 
affixed to the housing of the device bay heat exchanger 100 
in order to further improve heat dissipation. 

FIG. 4b illustrates a partial cross section elevation view of 
the jaws heat exchanger shown in FIG. 4a for one embodi 
ment. This embodiment utilizes leaf Spring mechanisms 
410a and 410b to urge the engaging surfaces 415a and 415b 
against the heat transfer element 125. The heat transfer 
elements 400a and 400b are typically soldered to the engag 
ing surfaces 415a and 415b, though other thermally con 
ductive connections Such as thermal epoxy may be used. 

FIG. 4c illustrates an alternate embodiment of a jaws heat 
eXchanger which uses a Single helical Spring 410a attached 
to the engaging Surface 415a to engage the heat transfer 
element 125. In this embodiment, a rigid mounting 435 
affixes the other engaging Surface 415b to the mounting 
element 405b which in turn is connected to the housing of 
the device bay heat exchanger 100. Thus, only the heat 
transfer element 400a moves when the heat transfer element 
125 is inserted into the heat eXchange jaws. 

FIG. 4d illustrates a partial cross section elevation view of 
another embodiment of the jaws heat eXchanger which uses 
multiple helical springs 440a, 440b, 440c, and 440d as well 
as a rectangular heat transfer element 125. The helical 
springs are secured to the mounting elements 405a and 405b 
by additional mountings 445a, 445b, 445c, and 445d. In this 
embodiment, the engaging surfaces 415a and 415b include 
Straight portions to conformally engage the heat transfer 
element 125. The heat transfer elements 400a and 400b are 
mounted between the helical Springs in a more central 
position on the engaging surfaces 415a and 415b. This 
embodiment may also provide improved stability for the 
engaging surfaces 415a and 415b. 

FIG. 4e illustrates another embodiment of the jaws heat 
eXchanger as well other heat dissipation components within 
the device bay heat exchanger 100. For perspective, cutaway 
portions of the base 115 and the device bay heat exchanger 
100 are shown. In this embodiment, a single spring 450 
separates the two heat transfer elements 400a and 400b. 
When the heat transfer element 125 is inserted between the 
engaging surfaces 415a and 415b, the spring 450 contracts, 
allowing the heat transfer elements 400a and 400b to move 
apart slightly to accommodate the heat transfer element 125. 
Guides 460a, 460b, 460c, and 460d provide a slideable 
mounting for the heat transfer elements 400a and 400b, and 
heat dissipation fins 455a and 455b improve system effi 
ciency. Once again, a fan may also be included in the heat 
eXchanger to create greater air flow in the assistance of 
dissipating the heat. 

FIG. 5 illustrates an alternative embodiment of a dissipa 
tion mechanism for within the device bay heat eXchanger 
100. The illustration is shown only with respect to one heat 
transfer element 400a. Additionally, it should be noted that 
alternate embodiments of the jaws heat eXchangers shown in 
FIGS. 4a through 4e can be implemented with a single heat 
pipe. 

In FIG. 5, the heat transfer element 400a has a plurality 
of heat dissipation fins 515. These fins are at least partially 
encased in an air duct 510 which has at a first end a fan 505. 
As shown, the fan 505 may be affixed to the housing of the 
device bay heat exchanger 100. An air inlet 520 at a second 
end of the duct 510 is typically guarded by a screen (not 
shown). While the inlet is shown on a side of the duct 510, 
the inlet 520 may also be situated in other locations. The 
device bay heat exchanger 100 may also rely on air vents 
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6 
located throughout its housing rather than Supplying a 
particular inlet for the duct 510. Additionally, longitudinal 
heat fins (i.e. axially situated along the portion of the heat 
transfer element 400a in the duct 510 and extending parallel 
to airflow from the fan 505) may be used to improve airflow 
through the duct 510. 

Thus, the method and apparatus of the present invention 
a number of heat eXchanger Solutions for a portable com 
puting device. While certain exemplary embodiments have 
been described and shown in the accompanying drawings, it 
is to be understood that Such embodiments are merely 
illustrative of and not restrictive on the broad invention, and 
that this invention not be limited to the Specific constructions 
and arrangements shown and described, since various other 
modifications may occur to those ordinarily skilled in the art 
upon Studying this disclosure. 
What is claimed: 
1. A heat eXchanger comprising: 
a first heat transfer element having a first portion for 

thermally coupling to an electronic component; 
a housing adapted to be inserted into a device bay of a 

computer System, the device bay configured to house 
one of a disk drive and CD ROM drive, wherein the 
device bay is further configured to interchange hot 
Swappable devices, Said housing including a Second 
heat transfer element removably and conformally 
engaged to the first heat transfer element. 

2. The heat exchanger of claim 1, wherein the first and the 
Second heat transfer elements comprise a male connector 
and a female receptacle end adapted to engage the male 
COnnectOr. 

3. The heat eXchanger of claim 1, further comprising ajaw 
receptor end, the jaw receptor end conformably engaging the 
first heat transfer element and being thermally coupled to the 
Second heat transfer element. 

4. An apparatus comprising: 
a computing device comprising: 

a base containing an electronic component; 
a first heat transfer element leaving a first portion 

thermally coupled to the electronic component and 
having a Second portion positioned at a device bay, 
the device bay configured to house one of a disk 
drive and CD ROM drive, wherein the device bay is 
further configured to interchange hot Swappable 
devices, 

a device bay heat eXchanger comprising: 
a housing having a mating end adapted to mate with the 

device bay of the computing device; 
a Second heat transfer element having a first end 

adapted to engage the Second portion of the first heat 
transfer element. 

5. The apparatus of claim 4, wherein the first heat transfer 
element is a heat pipe. 

6. The apparatus of claim 5, wherein the heat pipe is 
mechanically affixed to the electronic component. 

7. The apparatus of claim 5, wherein the heat pipe is 
indirectly affixed to the electronic component by one or 
more heat conducting components. 

8. The apparatus of claim 5, wherein the electronic 
component is a processor. 

9. The apparatus of claim 4, wherein the second portion 
of the first heat transfer element and the first end of the 
Second heat transfer element comprise a male connector and 
a female receptacle end adapted to engage the male con 
nectOr. 

10. The apparatus of claim 9, wherein the female recep 
tacle end is disposed at the mating end of the housing of the 
device bay heat eXchanger. 
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11. The apparatus of claim 4, wherein the Second portion 
of the first heat transfer element and the first end of the 
Second heat transfer element comprise a male connector and 
a jaw receptor end. 

12. The apparatus of claim 11, wherein the jaw receptor 
end is disposed at the mating end of the housing of the 
device bay heat eXchanger. 

13. The apparatus of claim 12, wherein the jaw receptor 
end comprises a first engaging Surface urged by a Spring 
mechanism to engage the Second portion of the first heat 
transfer element, wherein the Second heat transfer element is 
thermally coupled to the first engaging Surface. 

14. The apparatus of claim 13, wherein the jaw receptor 
end further comprises a Second engaging Surface urged by a 

5 

Second Spring mechanism to engage the Second portion of 15 
the first heat transfer element. 

15. The apparatus of claim 14, wherein the first heat 
transfer element is a Substantially cylindrical heat pipe and 
the first engaging Surface and the Second engaging Surface 
conformally engage the Substantially cylindrical heat pipe. 

16. The apparatus of claim 15, wherein the Second engag 
ing Surface is thermally coupled to a third heat transfer 

8 
element and wherein the Second heat transfer element and 
the third heat transfer element are heat pipes which are 
affixed respectively to the first engaging Surface and the 
Second engaging Surface. 

17. A computing apparatus comprising: 
a base; 
an electronic component disposed within the base; 
a device bay, the device bay configured to house one of a 

disk drive and CD ROM drive, wherein the device bay 
is further configured to interchange hot Swappable 
devices, and 

a heat pipe having a first portion thermally coupled to the 
electronic component and having a Second portion 
positioned in a portion of the device bay, Said Second 
portion adapted to engage a device bay heat eXchanger. 

18. The computing apparatus of claim 17, wherein the 
device bay of the computing apparatus includes a closeable 
aperture which exposes the Second portion of the heat pipe 
when the device bay engages the device bay heat eXchanger. 

k k k k k 


